Luteolin is a medicinally valuable phyto-chemical, which was indentified in plants. This study was aimed to analyse the luteolin content in peanut waste (shell) of 42 peanut cultivars. The concentration of luteolin varied in the range of 546.8 to 4485.0 mg/kg and a significantly higher concentration of luteolin (4485.0 mg) was found in Mikwang. This is the first report on luteolin analysis in Korean peanut shells. The results of the present study suggest that Mikwang peanut shells have higher concentration of luteolin, which would be useful for agricultural, industrial and pharmaceutical purposes.
INTRODUCTION
Peanut is an important food crop grown in over 100 countries with a total production of 38 million tons in 2010 (Janila et al., 2013) . Peanut seeds are rich source of oil (48 to 50%), protein (25 to 28%), vitamins and minerals and it provides 564 kcal of energy from 100 g of seeds (Win et al., 2011; Janila et al., 2013) . India, China, Myanmar and Vietnam people use peanut oil extensively for cooking purpose, because it contains rich fatty acids such as oleic, linoleic, palmitic, stearic, acrachidic, gondoic and behenic acids. Peanut butter is most popular in North and South America, Canada and Australia. However, peanut pod contains 35% of shell, which is called agricultural waste. During the agriculture practice, a large quantity of wastes accumulates with the process of food materials and, this waste or by product can be recovered and often be upgraded to useful products (Gunjal et al., 2012) . In addition, peanut shell contains lignin, cellulose, hemicelluloses and luteolin content. Powdered shell is used as fuel, filler in fertilizer and feed industry. Luteolin is one of the flavones present in Bryophyta, Pteridophyta, Pinophyta and Magnoliophyta. It is shown that their pharmacological activities include antioxidant, anti-inflammatory, antimicrobial and anticancer activities (Lopez-Lazaro, 2009 ). The luteolin sensitizes cancer cells to cytotoxicity through sup-pressing cell survival pathways such as phosphatidylinositol 3'-kinase, nuclear factor kappa B and X-linked inhibitor of apoptosis protein, and stimulating apoptosis pathways (Lin et al., 2008) . The bioactivity of luteolin on plant is demonstrated by enhancing the seed germination of maize (El-Shafey and Abd-Elgawad, 2012). The composition of luteolin content in shell varies depending on the cultivar of peanuts. However, to the best of our knowledge, the reports on luteolin content in agro-waste products are scanty. Therefore, the present study was aimed to investigate the luteolin content in peanut shells harvested from 42 Korean peanut cultivars.
MATERIALS AND METHODS
The peanut (Arachis hypogaea. L) seeds of Saedl, Daekwang, *Corresponding author. E-mail: paesb@rda.go.kr or ramradhakrish@gmail.com. Tel: 055-350-1222. Fax: 055-352-3059. For the luteolin analysis, the dried peanut shells were homogenized with a grinder, and crude extract of luteolin (1.0 g) was extracted from powdered samples added with 80% methanol for 3 h at 250 rpm, and then filtered through a nylon syringe filter (0.45 µm). To identify luteolin, the filtered sample was separated using a high performance liquid chromatography (HPLC) equipped with Agilent Eclipse XDB-C18 column. The mobile phase was (A) H 2 O 2 (0.1% acetic acid) and (B) acetonitrile (0.1% acetic acid) at a flow rate of 1.0 ml/min with the following gradient: 0 min-5% B, 5 min-10% B, 10 min-20% B, 15 min-25% B, 20 min-30% B, 30 min-50% and 40 min-65% B. Elution of luteolin was detected by photodiode array detector at 330 nm. The luteolin content of peanut shells was calculated by comparisons with known concentrations of their standards. The luteolin content was analyzed in peanut shell at three times and the results were statistically analysed according to Duncan's multiple-range test (DMRT) at a significance level of P<0.05 by using SPSS software.
RESULTS AND DISCUSSION
Luteolin is present in edible plants and used in traditional medicine to suppress the diseases effects (El-Shafey and Add-Elgawad, 2012). It has been identified in many plant species and the quantity of luteolin was varied in plant parts and speices. In the present study, we identified and quantified the luteolin content in peanut shell harvested from 42 peanut cultivars (Table 1, Figures 1 and 2) . The low quantity of luteolin was found in Wang (546 mg/kg), followed by Daecheong (587 mg/kg), Sinnamkwang (664 mg/kg), Sindaekwang (677 mg/kg) and Daepung (876 mg/kg). Saedl, Sinkwang, Jokwang, Palkwang, Mikwang, Joan, Daeyang, Pungkwang, Daemyeong, Gokwang, Jakwang, Baekjung, Danuri, Baekseon, Sangpyeong, Baekan, Jopyeong, Charmpyeong, Pungsan, Seonan, Pungan, Ilpyeong, Yeonpung, Boreom 1, Sangan and Jaseon peanut cultivars showed the higher concentration of luteolin content which ranged from 1943.2 to 4485.0 mg/kg. Among these peanut cultivars, Mikwang expressed the maximum amount of luteolin in their shells.
In an earlier study, Miean and Mohamed (2001) intracellular reactive oxygen species (ROS) generation, enhanced the activity of superoxide dismutase (SOD) and reversed mitochondrial membrane potential dissipation in infected cells. The mechanism of the effects of luteolin against chronic diseases is still poorly understood, but some of the studies showed that luteolin inhibits the proliferation of human esophageal carcinoma cells (Wang et al., 2012) and could be an anticancer agent for various cancers (Lin et al., 2008) . The pharmaceutical use of luteolin is giving more attention to identify the rich source of luteolin from natural materials. Thus, the current study suggests that the abundant quantity of peanut waste (shell) is a rich source of luteolin.
In conclusion, the higher concentration of luteolin (3576 to 4485 mg/kg) was found in Mikwang, Pungan, Sangpyeong, Jopyeong, Baekjung and Charmpyeong peanut shells. The further study is needed for commercialization of luteolin extraction and purification; it would be useful to agro-solid waste management.
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